
CASE STUDY: CASE STUDY: 

Photonuclear Reactions on Photonuclear Reactions on 242242PuPu
• Introduction

– Nuclear Reactions
– Cross Sections
– Photonuclear Reactions

• Why Photoreactions on 242Pu?
• Preliminary Studies (Is an experiment worthwhile?)

• Exercises



IntroductionIntroduction
• Nuclear reaction

– is a transformation of the nucleus of an atom by the incoming 
particle or photon. Incoming particle (or photon) is called 
projectile and the target is the original nucleus. Such reaction
can lead to the formation of another, possibly chemically 
different isotope, called reaction product.

– Target (projectile,emission) Product
– X(a,b)Y

• Examples
– (n,g), (n,p), (p,n), (n,α), (γ,n), ...

• First nuclear reaction observed by Rutherford in 1919
– 14N + 4He(alpha) → 17O + 1H(proton)
– or 14N(α,p)17O



Introduction #2Introduction #2

• Cross-section 
– is used to describe the probability of interaction between a 

bombarding particle and the target nucleus. The cross section 
(denoted by Greek letter σ) depends on the properties of 
target nuclei, on the properties of projectile and on the energy
of the projectile.

• Thin target
dφ/dx = σnφ

n – number of target nuclei per volume
φ – flux of projectiles 
dx – thickness of the sample

σ [1b=10-24cm2] n [1/cm3] φ [1/cm2]

Number of Nuclear Reactions per Volume



IntroducitonIntroduciton #3#3
• Photonuclear reactions

– can be observed for gamma photons with energies above 
several MeV. The excitation functions (σ) of all photonuclear 
reactions exhibit a large peak at photon energies from 25 
MeV for light target nuclei to 14 MeV for heavy target 
nuclei. 

– This peak is named “giant dipole resonance” and is associated 
with collective oscillation of all the protons in the nucleus 
against the neutrons, which happens to be in resonance with 
the photon wave at this photon energy. 

• There are many possible reactions at GDR
– e.g. (γ,n), (γ,2n), (γ,np), (γ,α), (γ,n2p), (γ,2np), ..
– In heavy nucleus (for Np and heavier) photo fission exhibits a 

sharp and important peak between 10 and 20 MeV.



Nuclear Reactions and Nuclear Reactions and 
Nuclides.netNuclides.net

• Reaction products on the nuclide chart.

Relative locations of the nuclear 
reaction products.

Relative locations of the 
compound nucleus decay products.



Transmutation of Transmutation of 129129II

• This is an example of nuclear reaction 
products on the nuclide chart.

• Iodine 129 is a long-lived nuclear 
waste.

• Mixture of 129I and stable 127I was 
exposed to γ flux.

High energy photons induce 
(γ,n) reactions on long-lived 
129I to produce short-lived 
128I. Similarly, the photons 
induce (γ,n) reactions on 
stable 127I to produce 126I. 
Both 128I and 126I can be 
detected with γ spectrometer.

(γ,n)(γ,n)



VULCAN giant pulse laser at RAL
High repetition rate tabletop 

laser at Jena University

Transmutation of Transmutation of 129129II

129I σ(γ,n) = 97 ±40mb



Photonuclear Reactions Photonuclear Reactions 
on Plutoniumon Plutonium

• Interest in photonuclear cross section data
– is powered by a number of different applications such as:

• non-destructive detection of fissionable materials by gamma 
photons

• cost effective intensive neutrons sources
• transmutation of nuclear waste
• medical applications
• etc. 

• As an example a preliminary study of an experiment 
involving photonuclear reactions on Pu will be presented
– Literature survey and overview of the past experiments

• How to find nuclear cross section data with Nuclides.net
– ITU has a 242Pu sample 

• Purity and in-growth?
– We would like to use gamma spectroscopy to detect nuclear 

reactions
• Which reaction products can we detect?
• How can we avoid any unwanted gamma background?



How to serch for exparimental How to serch for exparimental 
nuclear data?nuclear data?Average neutron 

induced σ are 
under DataSheets



Check the Ingowth? Purity?Check the Ingowth? Purity?

99,404242Pu
0,070241Pu
0,181240Pu
0,345239Pu

Pu sample composition 
(average of 2 analyses, 

performed in Feb. 1992)



Decay of Decay of PuPu MixtureMixture





Photonuclear reactions Photonuclear reactions 
on Plutoniumon Plutonium

• The most important is (γ,f) 
– with expected maximum σ of more than 100 mb
– fission products can be easily detected (γ spectroscopy)

• (γ,n) and (γ,2n) are also possible
– nobody has measured these σ yet!

• Can we detect the products of these 
reactions on 242Pu with γ spectroscopy?

(γ,n)
(γ,2n)

Exercise 1: Can we detect Exercise 1: Can we detect 240240Pu or Pu or 241241Pu with Pu with GeGe detector?detector?

Answer 1: Probably notAnswer 1: Probably not



Photonuclear reactions Photonuclear reactions 
on Plutonium #2on Plutonium #2

• We can select between different 
Plutonium forms
– PuSb, PuP or PuO2

• Which matrix is better to use?
– We would like to reduce the γ background 

after irradiation
Find the matrix which has 

photonuclear reaction products with 
short half-life and/or no gamma lines.



Exercise 2: Which form is better: Exercise 2: Which form is better: PuSbPuSb, PuO, PuO22 or or PuPPuP??

Answer 2: P and O are better than Answer 2: P and O are better than SbSb!!

Expected photonuclear 
reactions on light atoms are 
(γ,n), (γ,2n), (γ,np), (γ,α)



ConclusionsConclusions
• In this feasibility study of photonuclear 

reactions on plutonium: 
– We have used the Nuclides.net to get an 

overview over different nuclear reactions 
and reaction products

– We have used DataSheets and searched for 
additional nuclear data on the web through 
the Weblinks of the Nuclides.net

– We have used Virtual Nuclides module and 
Decay module of the Nuclides.net to study 
the sample properties



Thank You For Your Attention!Thank You For Your Attention!



Relativistic Electron Source & Bremsstrahlung Converter

Pu Sample



Data source: EXFOR

31P(γ,xn)

16O(γ,xn)

121Sb(γ,xn)
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